Yoshida/Yamaguchi/Okumura/Osada/ Takahashi/Tanaka/Tanabe/Suzuki patients with resectable (curable) gastric cancer, and is popular in Japan, Korea and other Asian countries. However, postoperative or perioperative treatments remain a controversial issue between the East and the West. Perioperative ECF (epirubicin/cisplatin/5-FU) therapy is regarded as the standard treatment in the UK and in some European countries [10] and intraoperative radiation with postoperative chemotherapy is the widely accepted treatment in the USA [11] . D2 lymph node dissection was not performed in most of the cases in these trials. What was interesting is that the postoperative survival of the patients who underwent D2 lymph node dissection without postoperative chemotherapy in Japan was far better than for those in the Medical Research Council Adjuvant Gastric Cancer Infusional Chemotherapy (MAGIC) trial and Intergroup study [12] . According to the results of the standard procedure of curative surgery, the Adjuvant Chemotherapy Trial of Thymidine Synthase (TS-1) for Gastric Cancer (ACTS-GC) was performed for 1 year on stage II and III patients to establish the postoperative S-1 treatment; it was accepted with significant survival benefit of the treatment group in Japan [13, 14] . The consensus of the perioperative strategies is summarized in table 1 . The Stomach Cancer Adjuvant Multi-Institutional Trial (SAMIT) is currently ongoing; it compares the benefits of S-1 and UFT and also the benefits of adding paclitaxel as adjuvant chemotherapy for curatively resected patients with serosal invasion of a tumor [15] . In Korea, the CLASSIC trial is underway to establish a standard postoperative adjuvant chemotherapy with capecitabine in combination with oxaliplatin after curatively resected stage II and III gastric cancer patients have undergone D2 lymph node dissection [16] ( fig. 1, 2 ).
There is no established global standard chemotherapy for metastatic or recurrent gastric cancer. A combination therapy of fluoropyrimidine and platinum is commonly used [17] . Data is also available about a triplet regimen. ECX (epirubicin/cisplatin/capecitabine) [18] , EOX (epirubicin/oxaliplatin/capecitabine) [19] and DCF (docetaxel/cisplatin/5-FU) [20] (or modified DCF [21] ) are used as standard care in certain areas of the US and the UK. S-1 combination chemotherapy (S-1 + CDDP) is currently regarded as the standard first-line treatment in metastatic gastric carcinomas in Japan [22] . The median survival time (MST) was prolonged to 13.0 months in the SPIRITS trial conducted in Japan.
As reported at ASCO 2009, a targeted therapy for HER2, Herceptin, was approved for HER2-positive gastric cancer in Europe, Korea and other areas [23] . Other targeted therapies are now under investigation in clinical trials. Under these circumstances, we need, via clinical trials, to provide a new treatment which is more effective and has fewer adverse events throughout the world and especially in Asian countries. The data relating to gastric cancer should be obtained by collaboration between Asian countries and transmitted globally to establish a standard treatment because gastric cancer is the most prevalent and common disease in this part of the world.
What is interesting in the recent trend of chemotherapeutic treatment in stage IV gastric cancer is that downstaging of the tumors is often observed with high response rate (RR) regimens with newly developed chemotherapeutic agents, and as a result, R0 resection (complete resection with no residual microscopic tumor) has been performed on quite a few patients after chemotherapy [24, 25] . These cases can broadly be called 'adjuvant surgery' or oncosurgery (conversion therapy as it is often described in the treatment of liver metastasis in colorectal surgery) after neoadjuvant chemotherapy [26] [27] [28] .
Considering the present observations described above, minimally invasive surgery, including laparoscopic surgery or robotic surgery for early gastric cancer [29] , and aggressive surgery with curative intent in stage IV, or recurrent gastric cancer with perioperative chemotherapy are the main themes of surgical oncology in the new era. These points are highlighted in this article.
Minimally Invasive Surgery
Laparoscopic Surgery and Its Indication for Gastric Cancer Laparoscopy-assisted distal gastrectomy (LADG), a minimally invasive surgery, has recently become prevalent in Japan, and provides patients with a good quality of life [30] [31] [32] . However, it is more important to provide them with advanced surgical techniques including lymph node dissection and reconstruction. According to the Japanese guidelines for gastric cancer treatment, LADG is not regarded as the standard procedure. In order to establish the safety and noninferiority of the method compared to open surgery, randomized control studies in Japan and Korea are ongoing [33, 34] . For the technical assurance of the laparoscopic surgery, a certification system has been adopted by the Japanese Society of Endoscopic Surgery.
In our institution, the indication for the operation is restricted to patients with early gastric cancer which includes: carcinomas of the mucosal layer (T1), no evidence of lymph node metastasis (N0), not suitable for endoscopic mucosal resection (with a size of more than 2 cm and with ulcer scar formation), or invaded to the submucosal layer with no clinical lymph node metastasis. Up to October 2010, we performed 204 laparoscopic gastrectomies including 152 LADG, 8 laparoscopy-assisted pylorus-preserving gastrectomies, 21 laparoscopy-assisted proximal gastrectomies, 6 laparoscopy-assisted total gastrectomies and 17 simple resections of the stomach.
Surgical Techniques
In order to perform complete laparoscopic gastrectomy, resection and anastomosis should be performed in the abdominal cavity. In this section, we describe our standard procedure of LADG and gastroduodenostomy.
We performed 103 cases of gastroduodenostomy using the delta anastomosis technique [30, 35] . Under general anesthesia, the patient was placed in the supine position with legs apart. Initially, a trocar was inserted under the umbilical portion via a 2-cm incision by the open method. Flexible laparoscopy (Olympus) was used in the operation and the camera operator stood between the legs of the patient. Four other trocars were inserted in the flank and subcostal regions.
The operation consisted of 9 parts: (1) The surgeon stood on the right side of the patient again. The antrum was lifted and the duodenum was transected close to the pylorus ring using an Echelon (Ethicon) from the left lower port and then the right gastric artery was divided and dissected with the harmonic scalpel with clips cleaning the LN 5.
(5) Dissection of LN 8a The stomach was lifted towards the left flank and the lesser omentum was divided visualizing the hepatic branch of the vagus nerve near the liver bed. Preserving the branch, the dissection was performed towards the cardia. The serosa of the right crus was dissected with the harmonic scalpel.
LN 8a was dissected using the harmonic scalpel visualizing the common hepatic artery preserving the hepatic plexus of the autonomic nerve. The dissection was performed from the right side towards the celiac axis ( fig. 3 ).
(6) Ligation of the Left Gastric Artery and Vein (LN 7, 9 and 11p) The fat tissue and connective tissues of LN 8a, 7, 9 and 11p were dissected with the harmonic scalpel. The left gastric artery and vein were visualized, then ligated with 2 clips and divided with the harmonic scalpel. The dissection was performed along the curus towards the esophagogastric junction. The proximal resection margin was estimated by the serosal side carbon ink color which was injected in the submucosal layer the day before the operation by endoscopy and transected from the left lower port using Echelon (60 mm). The resected stomach was captured by the end catch and taken out through the camera port with an additional abdominal muscle fascia incision but without an additional skin incision.
For the gastroduodenostomy, the edge of greater curvature of the remnant stomach and the duodenum were opened with the harmonic scalpel and the linear stapler (endcutter 45 mm) was inserted via each hole and connected and fired. The V-shape anastomosis of gastroduodenostomy was performed with the entry hole opened. The final step was the closure of the hole with 3 firings of the linear stapler by lifting up the 3 stitches (3-0 mono cryl) of incomplete closure of the entry hole ( fig. 4 ) .
The mean operative time was 253 min and blood loss was 50 ml. Thirty-seven lymph nodes were harvested. Patients started to walk the next day, started the oral intake treatment on day 3 after the operation and were discharged on day 9. Among 103 cases of delta anastomosis, there was no anastomotic leakage and no reoperation; there were, however, 2 cases of anastomotic stenosis.
Although this procedure requires time and the precise knowledge of the anatomy of the upper abdominal regions, it provides patients with several advantages including improved cosmetics, shorter hospitalization, minimal operative pains and a low incidence of bowel movability and pancreas functions (demonstrated elsewhere). Moreover, the postoperative complications can be reduced. The LADG with lymphadenectomy can be one of the most effective therapeutic methods for early gastric cancer patients. 
New Therapeutic Approach for Stage IV Gastric Cancer

Establishment of New Chemotherapeutic Regimens for Gastric Cancer
Several combination regimens with S-1 have been established in Japan in this decade and randomized phase III studies have been conducted. They are S-1 + CDDP, S-1 + CPT-11 and S-1 + docetaxel as reported by Fujii et al. [36] .
Cisplatin at a dose of 60 mg/m 2 on day 8 was combined with S-1 for 3-weeks-on and 2-weeks-off treatment [37] . This was repeated every 5 weeks, unless disease progression was observed. The RR was 74% (14/19; 95% confidence interval (CI) 54.9-90.6) and the MST was 383 days. Komatsu et al. [38] reported the results of a phase I/II study with CPT-11 + S-1 (IRIS study) in AGC patients. S-1 was given orally twice a day for 14 days and CPT-11 was administered as a 90-min intravenous infusion on days 1 and 15. This regimen was repeated every 4 weeks. The overall RR was 54.2% in the phase II study. The MST achieved with this regimen was 581 days. Yoshida et al. [39, 40] performed a phase I study and a phase II study of docetaxel in combination with S-1 in patients with AGC. In the phase II study, the RR was 52.1% and the MST was 434 days. Moreover, the biochemical modulations of docetaxel enhanced the sensitivity of 5-FU in vitro and in vivo [41] . More interestingly, the mTOR inhibitor downregulated the expression of TS and enhanced the reactivity of 5-FU on TMK-1 gastric cancer cells [42] .
Based on the results obtained in the above phase II studies, 3 large randomized phase III studies, the SPIR-ITS trial [22] , the TOP-002 trial [43] and the JACCRO GC03 trial [36, 44] were conducted independently to compare the data with that of S-1 monotherapy, the results of which are summarized in table 2 .
In the SPIRITS trial, chemotherapy-naïve patients with AGC were randomly assigned to receive either S-1 plus cisplatin or S-1 alone. The primary end point was overall survival and the secondary end points were progression-free survival, proportion of responders and safety. Median overall survival was significantly longer in the patients assigned to receive S-1 plus cisplatin than in those assigned to receive S-1 alone (13.0 vs. 11.0 months, respectively; hazard ratio (HR) 0.77; 95% CI 0.61-0.98; p = 0.04). Progression-free survival was significantly longer in the patients assigned to receive S-1 plus cisplatin than in those assigned to receive S-1 alone (median progression-free survival 6.0 vs. 4.0 months, respectively; p ! 0.0001). Moreover, of the 87 patients with target tumors assigned to receive S-1 plus cisplatin, 1 showed a complete response (CR) and 46 showed a partial response Based on this trial, IRIS achieved MST and was better tolerated; however, it did not show significant superiority to S-1 alone in terms of the overall survival, and could thus not become a first-line treatment for AGC.
A randomized phase III study comparing S-1 alone with the S-1 + docetaxel combination was conducted through the JACCRO GC03 trial. This study was a prospective, multicenter, multinational (Korea and Japan), nonblinded, randomized, phase III study of patients with AGC. Patients were randomly assigned to receive 3-week cycles of treatment arm A (docetaxel and S-1) or 6-week cycles of treatment arm B (S-1 only). The primary objective of the study was to compare the median overall survival of the test arm (docetaxel and S-1) with that of the control arm (S-1 only). The secondary objectives were to assess the time to tumor progression (defined as the time from randomization to the date of first documentation of progressive disease), to determine the clinical response/ RR (defined as the sum of the CR and PR according to RECIST criteria) and to evaluate the safety of the 2 regimens. It was expected that 628 patients (314 in each treatment arm) would be enrolled in this trial and this was exceeded, with confirmation of 628 patients from 103 centers in September 2008. Although the primary end point was not met, PR and RR were superior in the combination arm [44] . What is more interesting in this combination is that the docetaxel enhances the cytotoxic effect of 5-FU via biochemical modulations through decreased expression and activity of TS and dihydropyrimidine dehydrogenase and increased activity of orotate phosphoribosyltransferase [41] . It was recently reported that these effects can be modulated even more by molecular targeting agents including mTOR inhibitor [42] .
The Role of Surgical Intervention in Stage IV Gastric Cancer Patients
Palliative and Volume Reduction Surgery Gastric bypass, jejunostomy, ileostomies and colostomies are sometimes performed because of the pyloric stenosis of the primary tumor and/or tumors of the peritoneal disseminated disease of gastric cancer, and often, even if not by R0 resection, primary tumors are removed because of bleeding or obstruction of the stomach and bowels, all of which are regarded as palliative surgery. In the 1980s, the resection of the primary tumors and the removal of metastatic disease were often conducted as tumor volume reduction surgery. However, the prognosis of patients was not satisfactory because although the main treatment tool was palliative chemotherapy, the RR of chemotherapy regimens in those days was 20-30% and in the end, the patients died due to the tumor burden in spite of the reduction surgery. In order to improve the survival of the patients, new regimens or new chemotherapeutic agents with more effective and reduced adverse effects were called for, but until recently, palliative chemotherapy was regarded as the standard strategy in stage IV or recurrent gastric cancer patients.
Adjuvant Surgery
As described in the previous section, after the new chemotherapeutic agents were developed including S-1, docetaxel, paclitaxel, irinotecan, oxaliplatin and molecular targeting agents, the RR and survival of patients have improved dramatically. Interestingly, it was often reported that with newly developed chemotherapeutic regimens, the tumors were downstaged and the curative resections or R0 resections were performed in stage IV gastric cancer patients [24] . It is only recently that those cases were often found successful after treatment with S-1 + CDDP and S-1 + docetaxel regimens [45] . These operations are called 'adjuvant surgery' as previously reported [24] . The indications for adjuvant surgery are that curative resection (not palliative) can be expected, based on the response to chemotherapy, the absence or CR of other distant metastases such as peritoneal dissemination, extensive lymph node metastases or lung metastasis. The macroscopically complete removal of liver deposits is feasible, and minimal residual tumors after chemotherapy in distant lymph nodes can be extensively removed. Palliative chemotherapy is the standard strategic approach for stage IV gastric cancer. However, if treatment has been successful with CR or PR and the tumors are considered resectable or R0 resection is deemed possible, it could be feasible to perform aggressive operations to remove the residual tumors, although these operations can be regarded as adjuvant. Of course, it might be required to continue chemotherapy after these surgeries, even after R0 resections, because these cases were treated as stage IV gastric cancer. This chemotherapeutic strategy is called perioperative chemotherapy [10] . In other words, so-called neoadjuvant chemotherapy (NAC) was performed, downstaging of the tumors followed, and as a result of this, the R0 resections could take place. It must be clarified that, strictly speaking, NAC is the chemotherapy which is conducted in patients with potentially curative resectable tumors before treatment [46] . NAC is performed in order to improve the prognosis or improve the resectability of the tumors. For aggressive operations in stage IV gastric cancer patients, it can be termed adjuvant surgery with perioperative chemotherapy. The merit of adjuvant surgery in stage IV gastric cancer with a favorable response to chemotherapy is that the compliance with chemotherapy is better before surgery compared to afterwards, and secondly, it can be regarded as an in vivo sensitivity test. Thirdly, tumors definitely acquire resistance to chemotherapy, which is why aggressive operations are preferred while the tumor growth is well controlled with chemotherapy, because it is well known that tumor growth is enhanced by the cytokines after surgical treatment [47] . The best timing for the operation is when the best response of the tumor to chemotherapy is observed, not when the tumor is increasing in size or has acquired the ability to regrow. Generally, we estimate the best timing for the removal of the tumor to be when the CR or PR is detected when 4-6 cycles of S-1 + CDDP or S-1 + docetaxel regimens have been performed. This strategy is regarded as rescue surgery, oncosurgery or conversion therapy (recently conducted in metastatic liver tumors from colorectal cancer) [48] [49] [50] [51] [52] . In the REGATTA trial, palliative surgery followed by chemotherapy for stage IV gastric cancer is now being conducted in Japan and Korea in order to evaluate the significant roles of tumor volume reduction and interesting results are expected.
From 2001 to 2009, we treated 158 stage IV gastric cancer patients who had received S-1 + CDDP and S-1 + docetaxel treatment. We performed adjuvant surgery aiming at R0 resection of the primary and metastatic disease on 37 of these patients. The median survival of the patients who underwent surgery was 855 days after the initial start of the chemotherapy, while for those without an operation it was 277 days ( fig. 5 ). As we reported in a preliminary retrospective analysis [24] , this type of surgery might be effective in patients diagnosed as stage IV domized phase II/III study, using S-1 + docetaxel and/or CDDP among patients who had had CR or PR and were considered curatively resectable, patients were randomized to a 'continuation of chemotherapy' group or an 'adjuvant surgery followed by chemotherapy (perioperative chemotherapy)' group ( fig. 6 ).
Salvage Surgery
Salvage surgery is regarded as the surgery that is performed after curative radiation or chemoradiation therapy to remove the residual or regrown tumors which have invaded adjacent organs (as described in the Japanese guidelines of esophageal cancer [53, 54] ). Salvage surgery is conducted in locally advanced tumors, but adjuvant surgery is conducted in metastatic cancer. Indeed, using the term 'adjuvant' in palliative surgery, even if it is after successful chemotherapy in stage IV gastric cancer, might be criticized. Because, in general, the term 'adjuvant' can be used when the tumor does not exist macroscopically, the term 'adjuvant chemotherapy' is used for chemotherapy when an R0 resection has been performed. In this sense, the term 'adjuvant surgery' could be defined as the curative surgery after CR was detected by chemotherapy in stage IV cancer. Further discussion might be required to determine the most appropriate terminology. due to liver metastasis or distant lymph node metastasis, but not for cases of peritoneal dissemination. Of course, there is a bias that the adjuvant surgery group had a good response to chemotherapy and the others not. In order to prove the significance of the adjuvant surgery, further analysis will be needed. Under investigation by a ran- 
